balance study with all cows fed autumn pasture. Individual cow pasture DM intake, N intake and N 27 outputs of milk, urine and faeces were quantified. Plasma sample from each cow was harvested. 28
Abstract. The study was carried out to evaluate energy and nitrogen (N) use efficiencies of high and 24 low breeding worth (BW) cow groups relative to N isotopic fractionation (Δ 15 N). Eight high and eight 25 low BW cows (mean BW index = 198 and 57, respectively) in late lactation were used to conduct an N 26 balance study with all cows fed autumn pasture. Individual cow pasture DM intake, N intake and N 27 outputs of milk, urine and faeces were quantified. Plasma sample from each cow was harvested. 28
Feed, plasma, faeces, urine and milk samples were measured for δ 15 N and calculated for Δ 15 N. Urea 29 nitrogen in milk and plasma, and urinary excretion of purine derivatives were also measured. The 30 metabolisable energy (ME) intake, milk energy output, and energy and N use efficiencies of high BW 31 cows were greater on average than low BW cows. Conversely, the ratios of urinary N excretion to 32 faecal N excretion and urinary N excretion to N intake were greater for low BW cows than high BW 33 cows. There was no effect of BW groups on manure N output, apparent N digestibility, retained N, 34 purine derivatives excretion or ratio of purine derivatives excretion to ME intake. No relationships 35
were found between N and energy efficiencies and δ The breeding objective of New Zealand dairy industry is to produce cows that are more efficient at 47 converting feed into profit. The genetic merit of a New Zealand dairy cow is measured by her 48 breeding worth (BW) index, which ranks a cow on her expected genetic ability to breed profitable 49 and efficient replacements. The BW ranking is derived from breeding values which are based on 50 ancestry, lactation performance and progeny information for seven traits (milk protein, milk fat, milk 51 yield, somatic cell, live weight, fertility, and residual survival -a measurement of longevity) and are 52 combined with specific economic values to derive a BW. In general, the BW system emphasises milk 53 fat and protein production with a negative weighting applied to milk volume (Berry et al. 2007) . 54
Earlier research demonstrated that high genetic merit cows produce more milk than low 55 genetic merit cows when they are offered the same feed (Grainger et al. 1985; Coleman et al. 2010) . 56
However, limited information is available regarding nitrogen (N) partitioning and nutrient use 57 efficiency of cows selected under the New Zealand BW system when fed pasture as a sole diet. 58
Previous research showed that N isotopic fractionation (δ 15 N) between plasma, milk and feed 59
can be used to reflect N use efficiency of cows fed on different protein sources . 60
Further, plasma δ 15 N -feed δ 15 N is also a promising predictor of feed conversion efficiency in growing 61 beef cattle reared on identical diets (Wheadon et al. 2014) . 62
The objectives of this study were to 1. 
Materials and methods 66
Design and management 67
The study was undertaken at DairyNZ Lye Farm, Hamilton, New Zealand under the authority of the 68 Ruakura Animal Ethics Committee. Sixteen multiparous Holstein-Friesian dairy cows in late lactation 69 (221 ± 22.0 days in milk and 549 ± 50.3 kg live weight (LW), mean ± SD) were used, including eight 70 high BW (H, mean BW index = 198) and eight low BW (L, mean BW index = 57) cows. Cows grazed on 71 pasture prior to the study, and were then housed individually in metabolism stalls for four days to 72 adapt to the facilities prior to commencing a five-day N balance study. Cows were fed freshly cut 73 perennial ryegrass-based pasture at 0840 and 1600 h daily to ensure daily refusals were ~10 % of 74 
Statistical analysis 124
The Genstat statistical package (version 15.1) was used for general analysis of variance and linear 125 regression analysis. The statistical model included the treatment effect of BW (H and L). Data from 126 the five measurement days were averaged for individual cows for each variable and means were 127 analysed using ANOVA. The significance of treatment effect was declared at P < 0.05. 128
129
Results
130
The quality of pasture (Table 1) offered to cows in this study was typical for the autumn season in the 131
Waikato region of New Zealand. The intakes of DM and ME were higher for H compared with L (Table  132 2). Cows in the H group had 23% higher milk energy output and 15% higher feed energy utilisation 133 for milk energy output than cows in L (Table 2) . Energy intake explained 44% of the variation in milk 134 energy output in the current study. NI and MN were 388 and 85, and 360 and 66 g/d for H and L, 135 respectively. NUE was 22% higher for cows in H than cows in L. FN increased as NI increased (r 2 = 136 52.8, SE = 8.74, P < 0.001). In addition, UN: NI and UN: FN ratios were, respectively, 13% and 15% 137 lower for H compared to L. However, there was no difference in manure N output between 138 treatments ( Table 2) (Fig 1b) , and BW and NUE was also correlated (Fig 1a) . 152 The higher DMI and energy intake observed in H compared with L (Table 2) 
Energy use efficiency 162
There are five potential factors that might contribute to the difference in EUE between H and L 163 groups: 1) mobilisation of body reserves to support production; 2) preferential partitioning of ME 164 intake between milk and body tissue; 3) change in energy utilisation in the rumen; 4) change in the 165 efficiency of utilisation of ME for milk production (i.e. k l ); or 5) differences in maintenance ME 166 requirements (ME m ). The contribution from body reserves to production was not quantified in this 167 study, therefore this possibility cannot be excluded. However, that the cows were in late lactation 168 and were likely in positive energy balance (Bauman and Currie 1980) suggest that energy 169 mobilisation would have been minimal. The change of energy level in the body (i.e. loss or gain 170 energy) would be difficult to quantify during five day measurement period. However, Davey et al. 171 (1983) showed that high genetic merit cows were able to partition more energy intake to support 172 milk production, and this may be linked with growth hormone and blood metabolite (e.g. glucose) 173 differences between the cows. Rumen function was indicated by calculated PD and MEE; both 174 showed no difference between groups (Table 2) . Ferris et al. (1999) reported that k l was not affected 175 by cow genotype. Therefore, a value of k l = 0.6 was adopted to calculate ME m , but no statistical 176 difference was detected. 177
178

Nitrogen use efficiency 179
Because FN increased in proportion to NI in this study, there was no difference between the H and L 180 groups in apparent N digestibility. Similar to Ferris et al. (1999) , the proportion of NI partitioned to 181 urine (UN : NI) was lower for cows in the H group than in the L group (Table 2) 
Nitrogen isotopic fractionation in relation to nitrogen use efficiency and intake 206
The levels of N isotopic fractionation presented in Table 2 Table 2 ). 241
242
Breeding worth in relation to nitrogen use efficiency and intake 243
The positive relationship found between NUE and BW (Fig 1a) indicates the current breeding 244 objectives for dairy cows (which place a high weighting on milk protein and fat production) will also 245 result in an improvement in NUE. This study also supports previous research showing that higher BW 246 cows have higher intakes (Table 2 ; Grainger et al. 1985) . 
